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Under the pressure of rapid urbanization and economic growth, the protection of water 
environment has become more difficult and urgent than ever. Poor management of material flows 
in urban areas has led to a great amount of pollutant flows going to the environment and caused 
the serious pollution. It is considered that surface and ground water pollution is one of the biggest 
environmental concerns in urban areas in developing countries. Since domestic wastewater 
discharge potentially has an impact on material flows, proper understanding of its characteristics 
and impact can help in identifying solutions for better management of material flows. However, 
wastewater discharge has not been  characterized well in most of developing countries. This 
research aims to study the characteristics of domestic wastewater discharge and its impact on the 
material flows in urban areas in developing countries, with a case study in urban Hue city, 
Vietnam. This dissertation consists of seven chapters. 
 
Chapter 1 stated the research background, objectives and research framework. 
 
Chapter 2 reviewed publications related to domestic wastewater characterization. Basic 
knowledge on material flow analysis (MFA) and the current state of using MFA in environmental 
management in urban areas were introduced. 
 
Chapter 3 presented the current state of drainage network and domestic wastewater 
management in Vietnam and in Hue city. 
 
Chapter 4 investigated characteristics of domestic sewage discharge, focusing on quantity 
and quality fluctuations over time. The research found that average discharge at the sewer outlet 
on dry days in dry season was 44.9±5.4 L/cap/d in 2015 and 37.5±7.3 L/cap/d in 2016, which 
was about half of that on dry days in rainy season (82.5±9.1 L/cap/d in 2015, and 88.9±35.5 
L/cap/d in 2014). Hourly discharge flow rates on dry days fluctuated corresponding to the water 
consumption trends. Two peaks of discharge rates were observed on dry days from 6:00 - 16:00 
and from 16:00 - 0:00, and the lowest rates were in the early morning (1:00 - 6:00). Meanwhile, 
discharge flow rates in rain events were affected by rainfall intensities. The study also provided 
information on quality of sewer discharge and pollutant loads from the sewer system. Domestic 
wastewater discharge in urban Hue was characterized by low concentrations of SS, nutrients, and 
organic matter with small proportion of particulate matter, and not strongly fluctuated among 
hours in a day. Per-day pollutant loads in study area were rather small compared to other areas 
and the fluctuation of per-hour loads hd a resemble pattern with discharge flow rate. Quantitative 
relationships between flow rates and pollutants loads were also investigated. 
 
Chapter 5 established a water balance for a combined sewer system. Water balances showed 
a similar pattern for all dry days in both of dry and rainy seasons. Meanwhile, on rainy days in 
rainy season, the pattern changed in rainfall intensity. It was noticeable that on dry days in dry 
season, discharge flow rates from the sewer outlet to a water body only accounted for 28.5% (in 
2016) of total wastewater entered the sewer system. It means that a large amount of wastewater 
(71.5%) might be exfiltrated into the ground though sewer leakage. 
 
Chapter 6 quantified the impact of domestic sewage discharge on phosphorus (P) and 
nitrogen (N) flow in an urban area in Hue. Sewage discharge was identified as the main source of 
P and N loads to the water body, which contributed 91.0% - 99.2% of total P and 96.1% - 99.6% 
of total N inputted the water body. Contribution of sewage discharge to P and N inputted to a 
water body varied at different weather conditions. On dry days in dry season, 14.7% of P (20.7 
g/ha/day) and 42.5% of N (267.1 g/ha/day) produced in the area were discharged to the water 
body. On rainy days in rainy season, these amounts increased greatly under the impact of heavy 
rain, which were 3 – 13 times higher than those on dry days in dry season. 
 
Chapter 7 summarized the main conclusions of this research and the recommendations for 
further researches were given out.  
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